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Abstract
We study the bootstrapped Newtonian potential generated by a localised source in one and
two spatial dimensions and show that both cases naturally lead to finite spatial extensions of the
outer vacuum. We speculate that this implies the necessary existence of a cosmological (particle)
horizon associated with compact sources. In view of the possible dimensional reduction occurring
in ultra high-energy processes, one can consider such lower-dimensional “bubbles” immersed in
our universe as describing (typically Planckian size) baby universes relevant for that dynamics.
PACS - 04.70.Dy, 04.70.-s, 04.60.-m
1 Introduction and motivation
The prospect of studying gravitation in lower dimensions, namely (1 + 1) and (1 + 2)-dimensional
spacetimes, began as a pedagogical curiosity [1–10]. It was later noted that such spacetimes pre-
sented new avenues to quantizing gravity, particularly in the (1+1)-dimensional case. More recently,
high energy dimensional reduction has been found as a natural property of disparate approaches
to quantum gravity, including loop quantum gravity [11], causal dynamical triangulations [12],
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asymptotically safe gravity [13, 14], noncommutative geometry [15], multi-fractal geometry [16],
and modified dispersion relations [17].
Motivated by the need to remove the singularities predicted by General Relativity [18, 19] and
inspired by corpuscular models [20] of black holes [21] and cosmology [22], bootstrapped Newtonian
gravity is another attempt at describing quantum features of gravity in the strong field regime where
the gravitons self-interactions cannot be discarded [23–31]. In this work, we will study solutions of
the bootstrapped equation for the gravitational potential generated by a localised source in (1 + 1)-
and (1 + 2)-dimensional spacetimes.
The common feature that will emerge is that the potential in the vacuum outside the compact
source has finite support and the outer space is therefore limited in size. This can be interpreted as
the necessary presence of a particle, or cosmological, horizon associated with the compact source.
This result sets the (1 + 1) and (1 + 2)-dimensional cases apart from the higher dimensional ones,
in which one can instead find solutions in the vacuum outside the compact source which asymptote
to zero at infinite distance.
In line with the above-mentioned idea of dimensional reduction, we conjecture that these lower-
dimensional cases can describe finite size configurations generated by high-energy processes in four
spacetime dimensions. Moreover, we will see that the size of such “baby universes” turns out to
depend on the ADM mass [32] and the value of the effective gravitational coupling. Although
the exact value of the lower (and higher) dimensional gravitational constant is unknown, several
generic forms for the (1 + d)-dimensional one have been proposed. One such expression derived
from entropic principles is given by [33] 1
G(d) = 2pi
1− d
2 Γ
(
d
2
)
`d−1p
~
= 2pi1−
d
2 Γ
(
d
2
)
`d−2p
mp
, (1.1)
in which the presence of ~ is reminiscent of its quantum nature. Using this expressions, we will
be able to estimate that the typical order of magnitude for the size of the lower-dimensional “baby
universes” is Planckian for similar ADM mass.
The paper is organised as follows: in Section 2 we review the equation for the bootstrapped
Newtonian potential in d ≥ 1 spatial dimensions; the cases for d = 1 and d = 2 are then analysed
in detail in Sections 3 and 4, respectively (the outer vacuum in d ≥ 3 is briefly discussed in
Appendix A); finally, we draw our conclusions in Section 5.
2 Bootstrapped gravitational potential in d spatial dimensions
We start by briefly reviewing the bootstrapped gravitational potential of Refs. [26, 27], which we
want here to extend to the case of d spatial dimensions. This potential V = V (r) is supposed to
describe the gravitational pull on test particles generated by a spherically symmetric and static
matter density ρ = ρ(r) and is obtained by starting from the Newtonian Lagrangian
LN[V ] = Ω(d)
∫ ∞
0
rd−1 dr
(
(V ′)2
2 Ω(d)G(d)
− ρ V
)
, (2.1)
1We will set c = 1 throughout the paper and usually denote G(3) = GN = `p/mp, with `p and mp the four-
dimensional Planck length and mass, respectively. Therefore, the Planck constant ~ = `pmp has dimensions of
length times mass and G(d) of inverse mass times lengthd−2.
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where f ′ ≡ df/dr, the surface area of a d-dimensional unit sphere is given by
Ω(d) =
2pid/2
Γ
(
d
2
) , (2.2)
and G(d) is Newton’s constant in d spatial dimensions. The corresponding equation of motion is
the Poisson equation for the d-dimensional Newtonian potential V = VN, that is
r1−d
(
rd−1 V ′
)′ ≡ 4(d)V = Ω(d)G(d) ρ . (2.3)
We can then include the effects of gravitational self-interaction by noting that the Hamiltonian
HN[V ] = −LN[V ] computed on-shell by means of Eq. (2.3), yields the Newtonian potential energy
UN(r) =
Ω(d)
2
∫ r
0
r¯d−1 dr¯ ρ(r¯)V (r¯)
= − 1
2G(d)
∫ r
0
r¯d−1 dr¯
[
V ′(r¯)
]2
, (2.4)
where integrated by parts discarding boundary terms. One can view the above UN as given by the
interaction of the matter distribution enclosed in a sphere of radius r with the gravitational field.
Following Ref. [24] (see also Refs. [34]), we then define a self-gravitational source proportional to
the gravitational energy UN per unit volume, that is
JV ' dUN
dV
= −2 [V
′(r)]2
Ω(d)G(d)
. (2.5)
In Refs. [23,25,26] we also included the source term
Jρ = −2V 2 , (2.6)
which comes from the linearisation of the volume measure around the vacuum [23] and couples with
the matter source according to general relativity. The corresponding interaction term can be viewed
as a gravitational one-loop correction to the matter density. In Ref. [25], we found that the pressure
p becomes very large for sources with large compactness R ∼ GNM , and we must therefore add a
corresponding potential energy UB such that
p = −dUB
dV
. (2.7)
Since the latter contribution just adds to ρ, it can be easily included by simply shifting ρ→ ρ+ p
and obtain
L[V ] = −Ω(d)
∫ ∞
0
rd−1 dr
[
(1− 4 qV V ) (V ′)2
2 Ω(d)G(d)
+ V (1− 2 qρ V ) (ρ+ p)
]
, (2.8)
where the non-negative coefficients qV and qρ play the role of coupling constants for the graviton
currents JV and Jρ. The Euler-Lagrange equation for V is then given by
4(d)V = Ω(d)G(d)
1− 4 qρ V
1− 4 qV V (ρ+ p) +
2 qV (V
′)2
1− 4 qV V , (2.9)
3
where we will set qV = qρ, for simplicity, from here on. Finally, the conservation equation that
determines the pressure reads
p′ = −V ′ (ρ+ p) . (2.10)
In all spatial dimensions, the mass is simply modelled as a spherically-uniform density distribu-
tion of radius R,
ρ = ρ0 ≡ M0
V(d)(R)
Θ(R− r) , (2.11)
where Θ is the Heaviside step function,
V(d)(R) =
pi
d
2 Rd
Γ (1 + d/2)
(2.12)
is the volume of a d-dimensional sphere, and the proper mass
M0 = Ω(d)
∫ R
0
rd−1 dr ρ(r) . (2.13)
This yields the general differential equation
4(d)V =
Ω(d)G(d)M0
V(d)(R)
eVR−V +
2 qV (V
′)2
1− 4 qV V . (2.14)
In the vacuum, where ρ = p = 0, Eq. (2.10) is trivially satisfied and Eq. (2.9) reads(
rd−1 V ′
)′
rd−1
=
2 qV (V
′)2
1− 4 qV V . (2.15)
We notice that we can rescale V˜ = qV V , for qV > 0, so that Eq. (2.15) yields(
rd−1 V˜ ′
)′
rd−1
=
2
(
V˜ ′
)2
1− 4 V˜ , (2.16)
and it becomes apparent that V˜ does not depend on qV but only on d.
Regularity conditions in the centre are required to be met by the solutions, specifically
V ′in(0) = 0 (2.17)
and they must also satisfy matching conditions with the exterior solution at the surface,
Vin(R) = Vout(R) ≡ VR (2.18)
V ′in(R) = V
′
out(R) ≡ V ′R , (2.19)
where we defined Vin = V (0 ≤ r ≤ R) and Vout = V (R ≤ r).
In the following sections, we will consider in detail the cases d = 1 and d = 2, for which we also
briefly recall the geometric pictures for comparison
4
3 One-dimensional case
An early study of (1+1)-dimensional Schwarzschild-like black holes found that a proper Newtonian
limit could be obtained, giving the expected equations of motion [8]. From the dilaton action
S = −
∫
d2x
√
|g|ψ
(
R− Λ
8piG(1)
− Lm
)
, (3.1)
the Euler-Lagrange equations yield a metric that is independent of the dilaton field ψ. The matter
Lagrangian is directly related to the stress-energy tensor via its trace Lm = Tαα = T . Here, G(1)
is the one-dimensional gravitational constant 2 and we included a cosmological constant Λ for a
reason which will become apparent shortly.
For a point-like source of mass M located at x = x0,
ρ = M δ(x− x0) , (3.2)
the metric reads [8]
ds2 =
(
1− 2G(1)M r + r2/`2
)
dt2 − dx
2
1− 2G(1)M r + r2/`2
, (3.3)
where r ≡ |x − x0| and we assumed ` =
√
2/Λ > 0. Note that this metric depends only on the
relative coordinate r with respect to the location of the source, and becomes linear in r in the limit
` → ∞ (equivalently, Λ → 0). In this limit, one also finds that the one-dimensional version of the
Newtonian potential is linear, that is
VN = 1− gtt/2 = G(1)M r . (3.4)
The equations of motion of a test particle can be derived from the geodesic equation, and reveal
the expected kinematic of (1 + 1)-dimensional equations.
Note that for ` sufficiently large, the metric (3.3) admits both a black hole horizon with size
RH = `
(
`G(1)M −
√
`2G2(1)M
2 − 1
)
(3.5)
and a cosmological horizon with size
RΛ = `
(
`G(1)M +
√
`2G2(1)M
2 − 1
)
' 2 `2G(1)M . (3.6)
In the limit ` (G(1)M)−1, one obtains
RH ' 1
2G(1)M
, (3.7)
which scales as the inverse of the mass, and
RΛ ' 2 `2G(1)M =
`2
RH
. (3.8)
2Note that G(1) has dimensions of the inverse of mass times length, therefore G(1) ~ is dimensionless.
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Comparing this to the general expression for (1 + d)-dimensional black holes,
RH =
(
2G(d)M
) 1
d−2 , (3.9)
it can be seen that the result (3.7) in the limit `→∞ can be recovered with the naive substitution
d = 1. This is also true for the generalized Newtonian potential
VN = −
G(d)M
rd−2
, (3.10)
except that the overall sign must be reversed for d = 1. In this sense, the (1 + 1)-dimensional
spacetime follows the same general pattern as do the quantities in higher dimensions.
3.1 Bootstrapped vacuum
Eq. (2.16) in d = 1 spatial dimension yields the solution
V =
V˜
4 qV
=
1
4 qV
[
1−
(
C˜1 − C˜2 x
)2/3]
, (3.11)
which does not contain an exact linear term. In order to compare this potential with the classical
geometry described above, we therefore need to relate the two integration constants C˜1 and C˜2 to
M and ` (or, equivalently, RH and RΛ). This can be done by requiring that the limit qV → 0
reproduces the Newtonian potential obtained from the geometry.
We first notice that the limit qV → 0 yields a finite potential only provided C˜2 = qV /L and
C˜1 = 1 + qV x0/L, where L and x0 are constants to be determined. In this case, we have
V =
1
4 qV
[
1−
(
1− qV x− x0
L
)2/3]
, (3.12)
and we can identify x0 with the location of the point-like source (3.2), so that
V ′(x0) =
1
6L
= G(1)M = V
′
N(r = 0) , (3.13)
where we used Eq. (3.4) for the expected Newtonian behaviour in the limit qV → 0. The above
relation uniquely determines
L−1 = 6G(1)M , (3.14)
so that we finally obtain
V =
1
4 qV
[
1− (1− 6 qV G(1)M r)2/3] = 14 qV
[
1−
(
1− 6 qV X r
R
)2/3]
, (3.15)
where the dimensionless quantity playing the role of the “outer” compactness in this case is given
by X = G(1)M R, and r ≡ x− x0 > 0. 3
3The mirror region x− x0 < 0 can be obtained by replacing L→ −L in Eq. (3.12).
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Figure 1: Compactness XH as a function of qV .
Upon noticing that V (0) = 0, the black hole horizon can be obtained from the Newtonian
condition 2V (rH) = 1, or
rH =
1− (1− 2 qV )3/2
6 qV G(1)M
, (3.16)
so that, for 0 < qV  1, we have
rH ' RH − qV RH/2 , (3.17)
and the expected geometric result (3.7) is precisely recovered for qV → 0. Unlike in d = 3, this
black hole horizon however exists only for qV < 1/2.
The compactness value for which the size of the object equals the horizon size is
XH =
1− (1− 2 qV )3/2
6 qV
, (3.18)
and, as expected only depends on the coupling qV . A plot showing this dependence is presented in
Fig. 1.
In fact, the solution (3.12) exists only for
0 < r ≤ L/qV . (3.19)
By assuming the upper limit is the cosmological horizon,
RΛ =
L
qV
=
1
6 qV G(1)M
, (3.20)
we can then identify a cosmological constant
Λ = 24 qV G
2
(1)M
2 . (3.21)
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Figure 2: Potential V in d = 1. The intersections with the thin horizontal line mark the locations
of the black hole horizons.
The radius of this cosmological horizon diverges in the limit qV → 0 for M finite, which is also in
agreement with the result (3.17).
A curious feature is that the black hole horizon and the cosmological horizon scale in the same
way with the mass M , and their ratio
RH
RΛ
= 1− (1− 2 qV )3/2 (3.22)
only depends on the coupling qV . This behaviour differs significantly from the classical case de-
scribed by Eqs. (3.5) and (3.6) in that the cosmological constant Λ and the mass M cannot be
varied independently: whenever there is a localised source of mass M , there is also a cosmological
horizon determined by the gravitational self-coupling qV . Upon requiring RΛ > rH, we again obtain
qV < 1/2, which explains why there cannot be a black hole horizon for qV > 1/2. A few examples
are plotted in Fig. 2. As expected from the above expression the plots show that the black hole
horizon coincides with the cosmological horizon for qV = 1/2 (solid line).
Regarding the size RΛ of these “universes”, we first note that the general expression (1.1) for the
gravitational coupling, for d = 1 reduces to
G(1) =
2pi
~
, (3.23)
indicating that G(1) is truly a quantum constant and thus (1 + 1)-dimensional gravity is similarly
quantum. Vis-a-vis the cosmological horizon (3.20), one can estimate
RΛ =
~
12pi qV M
=
`p
12pi qV
mp
M
. (3.24)
Since we must have qV < 1/2, this is about an order of magnitude short of `p for M ∼ mp, and
suggests that there can be “baby Planck universes” that nucleate around such objects.
In the above analysis of the vacuum generated by matter, we made use of a point-like source in
order to fix arbitrary coefficients and compare with the geometric description. However, a regular
source is part of the bootstrapped picture and we are therefore going to consider that case next.
The purpose of the following analysis is merely to show the existence of regular interior solutions
without the pretence of being exhaustive.
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3.2 Bootstrapped interior
For d = 1, Eq. (2.14) reads
V ′′ =
G(1)M0
R
eVR−V +
2 qV (V
′)2
1− 4 qV V . (3.25)
In the small compactness regime, X . XH, we find the approximate solution
V = V0 +
G(1)M0 e
VR−V0
2R
r2 . (3.26)
and after requiring continuity between inner and outer solutions at r = R, we obtain
2VR = 2V0 +G(1)M0Re
VR−V0
(3.27)
V ′R = G(1)M0 e
VR−V0 ,
which gives
V0 =
1
4 qV
[
1− (1− 6 qV X)2/3
]
+ ln
[
M0
M
(1− 6 qV X)1/3
]
. (3.28)
The mass constraint yields
M0 =
M e
− X
2(1−6 qV X)1/3
(1− 6 qV X)1/3
, (3.29)
and so the approximate potential is found to be
V =
1
4qV
[
1− (1− 6 qV X)2/3
]
− X
2 (1− 6 qV X)1/3
(
1− r
2
R2
)
. (3.30)
Since the Newtonian potential in (1 + 1) dimensions grows linearly with distance, one expects
non-compact objects (stars) have a surface potential that satisfies 2VR > 1. For a given M , the
above expression can be solved for R to give
R =
1− (1− 4 qV VR)3/2
6 qV G(1)M
. (3.31)
This imposes a constraint on VR that depends on qV , namely
VR ≤ 1
4 qV
. (3.32)
Comparing this expression to Eq. (3.16), we find
R
rH
=
1− (1− 4 qV VR)3/2
1− (1− 2 qV )3/2
. (3.33)
In the limit 2VR = 1 (i.e. a black hole), the ratio is unity. It can be seen from the above expression,
however, that R > rH for any VR > 1/2. This is displayed in Figure 3.
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Figure 3: Ratio (3.33) of the size R of a star with mass M with surface potential VR to the horizon
size rH of an equal-mass black hole. The curves are for VR = 0.7 (solid), 1.0 (dashed), and 1.5
(dotted). The right-hand cutoff is for the value of qV determined by (3.32).
4 Two-dimensional case
General Relativity in (1 + 2) dimensions is quite non-intuitive. The best known solution is the
BTZ metric for a rotating black hole with angular momentum J in a spacetime with cosmological
constant Λ [6],
ds2 =
(
−G(2)M + Λ r2 +
J2
4 r2
)1/2
dt2 − dr
2(
−G(2)M + Λ r2 + J24 r2
)1/2
+r2
(
dφ+
J2
2 r2
dt
)2
. (4.1)
In this case, the gravitational constant G(2) has dimensions of inverse mass. When J = 0 (i.e. static
black holes), it is clear that horizons exist only for negative Λ,
R(2) =
√
−G(2)M
Λ
. (4.2)
That is, (1 + 2)-dimensional black holes can only exist in AdS spacetimes. Furthermore, there is
no Newtonian limit in this case, and gravity is purely topological. Not also that the form of the
horizon does not follow the pattern established in Eq. (3.9) when n = −1 since the expression is
not defined at this point.
4.1 Bootstrapped vacuum
In d = 2 spatial dimensions, we can still solve for Eq. (2.16) first and obtain
V =
V˜
4 qV
=
1
4 qV
{
1− [C1 − C2 ln(r/`)]2/3
}
, (4.3)
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where ` is an arbitrary length scale. The expected Newtonian behaviour is given by
VN = G(2)M ln(r/`) . (4.4)
If we set C1 = 1 and
C2 = 6 qV G(2)M , (4.5)
we thus obtain
V =
1
4 qV
{
1− [1− 6 qV G(2)M ln(r/`)]2/3} , (4.6)
which yields
V ' G(2)M ln(r/`) + qV G2(2)M2 [ln(r/`)]2 , (4.7)
for ln(r/`) 1, that is for r ' `.
We can find the location of the black hole horizon by imposing the Newtonian condition
2V (rH) = −1, which yelds
rH = ` exp
[
1− (1 + 2 qV )3/2
6 qV G(2)M
]
. (4.8)
Note that for positive values of the self-interaction coupling qV and mass M , the solution (4.6)
only exists for
0 <
r
`
≤ exp
(
1
6 qV G(2)M
)
, (4.9)
which means that a cosmological horizon can be assumed to exist at
RΛ = ` exp
(
1
6 qV G(2)M
)
. (4.10)
In analogy with the (1 + 1)-dimensional case, and to emphasise the difference with the classical
solutions, we note that the ratio between the black hole and cosmological horizons is given by
rH
RΛ
= exp
[
−(1 + 2 qV )
3/2
6 qV G(2)M
]
, (4.11)
which is now completely determined by the mass M and the coupling qV . A few examples for the
potential are plotted in Fig. 4.
To estimate the size of the horizons, we again appeal to the expression (1.1), which now gives
G(2) =
2 `p
~
∼ 1
mp
. (4.12)
The cosmological horizon will then scale as
RΛ ∼ ` exp
(
mp
6 qV M
)
. (4.13)
Unlike in d = 1, this result depends also on the arbitrary scale `. Thus, the value of ` can be
constrained by placing an upper limit on the possible size of such horizons. If these are taken to be
roughly Planck scale as well, then ` ∼ `p is a reasonable assumption.
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4.2 Bootstrapped interior
The form of the interior solution depends on the compactness of the source, which is now given by
X = G(2)M , (4.14)
so the derivation must be handled in different ways depending on the relative size of this quantity.
For small compactness, X  1, the differential equation (2.14) can be solved as a series and we find
to order r2
V (r) ' V0 +
G(2)M0 e
VR−V0
2R2
r2 , (4.15)
The form of the above potential is identical to the standard (3+1)-dimenaional case, up to the power
of R in the denominator of the second order term. That is, the dependence on r is consistently r2.
The matching conditions (2.18) and (2.19) imply
2 (VR − V0) = G(2)M0 eVR−V0
(4.16)
RV ′R = G(2)M0 e
VR−V0 .
The equation that ensures continuity of the first derivatives of the potentials across the boundaries
in the two cases can be used to first obtain
V0 =
1
4 qV
{
1−
[
1− 6 qV X ln
(
R
`
)]2/3}
+ ln
{
M0
M
[
1− 6 qV X ln
(
R
`
)]1/3}
. (4.17)
By using the equations which ensure the continuity of the potentials one can write M0 in terms of
M as
M0 =
M e
− X
2[1−6 qV X ln(R/`)]1/3
[1− 6 qV X ln (R/`)]1/3
, (4.18)
This allows one to find the approximate inner potential
V (r) ' 1
4 qV
{
1−
[
1− 6 qV X ln
(
R
`
)]2/3}
− X
2 [1− 6 qV X ln (R/`)]1/3
(
1− r
2
R2
)
. (4.19)
As with the (1+1)-dimensional interior solution, we can solve the above potential at the surface
r = R for a given mass M , which gives
R = ` exp
[
1 + (1− 4 qV VR)3/2
6 qV G(2)M
]
, (4.20)
which reduces to the horizon (4.8) when 2VR = −1. The ratio of the two is
R
rH
= exp
[
(1− 4 qV VR)3/2 − (1 + 2 qV )3/2
6 qV G(2)M
]
(4.21)
and so for VR < −1/2 the black hole horizon will be smaller than R for a given mass.
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Figure 4: Potential V(2) for qV = 1/2 (dotted line), qV = 1 (solid line) and qV = 2 (dashed line).
5 Conclusions
We studied the bootstrapped potential generated by compact sources in d = 1 and 2 spatial dimen-
sions and compared with more standard descriptions. It appears that the lower-dimensional cases
remain rather at odd with those at d ≥ 3, perhaps even more so in the bootstrapped description
of gravity. In particular, the emergence of a compact spacetime associated to compact sources is
intriguing and suggests us to consider the lower-dimensional configurations as “bubbles” possibly
generated by ultra high-energy processes in our d = 3 universe. Although several parameters are
involved, the size of these “baby universes” can be naturally of the order of the Planck length for
Planck scale mass.
One of the interesting interpretations of these baby universes is that they would replicate the
process of dimensional reduction, in which the dimensionality of spacetime decreases as one ap-
proaches higher energies (equivalently, smaller length scales) [35–37]. This is a shared feature of
many disparate approaches to quantum gravity. Here, the d = 1 phase could be enveloped within
the d = 2 one – particularly since the estimated scales in this work are within an order of magni-
tude of each other. The novelty herein is that this behaviour has now been proposed in a non-linear
Newtonian framework, instead of the fully general relativistic one, but is consistent in the demand
that quantum gravity naturally emerges in lower spatial dimensions.
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line) and qV = 2 (dashed line).
A Outer vacuum in d ≥ 3
In d ≥ 3 spatial dimensions, the vacuum field equation (2.15) is exactly solved by
V(d≥3) =
V˜
qV
=
1
4 qV
[
1−
(
C1 +
C2
rd−2
)2/3]
, (A.1)
where the integration constants must be fixed in order to recover the Newtonian behaviour at large
distance,
VN = −
G(d)M
rd−2
, (A.2)
that is C1 = 1 and
C2 = 6 qV G(d)M . (A.3)
These expressions finally yield
V(d≥3) =
1
4 qV
[
1−
(
1 +
6 qV G(d)M
rd−2
)2/3]
. (A.4)
Note that we can now take the limit qV → 0 and precisely recover the Newtonian potential (A.2),
as one would expect by first considering this limit in Eq. (2.15). We also note that the large r
expansion of the solution (A.4) reads
V(d≥3) ' −
G(d)M
rd−2
+ qV
G2(d)M
2
r2 (d−2)
, (A.5)
so that qV always affects the post-Newtonian order. All solutions for d ≥ 3 show essentially the
same qualitative behaviour, with no restriction on the range of possible values of r. In Fig. 5 we
plot the case d = 3 and d = 6 for different values of qV around one.
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